Introduction
Ractopamine is a beta-adrenergic additive used in the nutrition of pigs due to its ability to increase yield and deposition of muscle tissue in the carcass. It has the similar structure of the catecholamines, epinephrine and norepinephrine, which acts by changing the animal metabolism. Thus, the reduction in lipid synthesis, accompanied by increase in protein and muscle development, improve the performance (feed conversion) and hence the carcass characteristics of swine (Warriss, 2010) .
Surgical castration, or physical castration, does not meet the animal welfare demands, but it is effective in preventing boar taint, but there are other disadvantages such as reducing growth performance and increasing fat deposition (Dunshea et al., 2001; Rikard-Bell et al., 2009) . Immunocastration emerged as an alternative to avoid surgical castration and can be considered focused on animal welfare to be a virtually painless technique to animals, with quality and efficiency gains (Dunshea et al., 2005) .
The cooled belly is a major component of swine carcass and contributes substantially to the total value of pig carcasses (Cantarelli et al., 2008) . Also, according to this author, in general, consumers prefer meat with less fat, regardless of its presentation form. Thus, the lipids deposited in smaller amounts in the carcass can turn the cut into a more attractive one, as well as providing longer product shelf life, due to lower lipid oxidation (Fernandes, 1995) . Accordingly, the present study aimed to assess the effect of the addition of ractopamine in the pig diet with a range of genders, immunocastrated, physically castrated barrows and gilts from two genetic lines under different conditions of production, diet, management and slaughter, on the bellies quality characteristics, expressed in terms of pH, meat and fat color and backfat thickness, chemical composition and fatty acid profile.
Material e methods

Animals and treatments
All procedures involving live animals in this study were approved by the Committee of Ethics in Animal Experimentation in Campinas, Brazil, according to Brazilian federal standards (Brasil, 2000) .
The study was based on 310 animals (95 gilts, 107 immunocastrated and 108 barrows) in the termination phase, with an average weight between 108-129 kg, separated by gender, from two genetic lines "Topigs, Large White x Landrace x Duroc" (202) from the Água Branca farm, located in Fartura, and "Agroceres PIC, Duroc x Landrace x Pietran" (108) from Bressiani farm, located in Capivari, both in the state of Sao Paulo.
Effects of ractopamine hydrochloride and immunological castration in pigs. Part 2:
belly quality characteristics and fatty acid composition
Pigs were housed on solid-concrete floor pens and provided with ad libitum access to feed and water. Part of the entire male pigs, were randomly selected to be physically castrated between the third and the fifth day after birth, and the other part designated to be immunocastrated received the first dose of vaccine (Vivax  , Pfizer Animal Health) eight weeks before slaughter, and the second dose four weeks from the date scheduled for slaughter. Twenty days prior to slaughter, the animals were relocated to receive two different levels of ractopamine in the diet (0 and 7.5 ppm; Ractosuin  , Durofino Agribusiness) in conventional diet, based on corn and soybeans, formulated with 16% of protein and 0.91% of lysine.
Slaughter and carcass cut-out analysis
The animals were slaughtered according to the Regulation of the Industrial and Sanitary Inspection of Animal Products (Brasil, 1997) . After slaughter, using the Hennessy Grading Probe  (Hennessy Grading Systems GP4/BP4, DIDAI), hot half carcasses were evaluated by weight ranging from 46 to 51 kg and fat thickness and muscle of 15 to 20 mm and 64 to 68 mm respectively. Five bellies from each treatment for the two genetic lines studied were transported to the Institute of Food Technology, Campinas, State of São Paulo, Brazil and analyzed of the quality characteristics, in terms of chemical composition, pH, meat and fat color, thickness of backfat and fatty acids profile from fat.
Analyzes of pH and objective color
Dbjective color and pH of the bellies were measured immediately after thawing at 4 ± 1 °C for 24 hours. The color of meat and of fat was obtained from four measurements at predetermined specific points on the surface. The evaluation of color, by the CIELab System, was carried out using a Minolta colorimeter (CR-400 Model, Konica Minolta Sensing, NJ, USA) with a D65 illuminant and 10° angle with white calibration standard, evaluating the color parameters lightness L* (0 = black; 100 = white), and a* and b* coordinates (a*I: + = red, -= green; b*I: + = yellow, -= blue). The pH was determined using a direct puncture pH meter from Hanna Instruments (Hl99163 model, Woonsocket, RI, USA) calibrated at pH 4.0 and 7.0, with the values obtained from four measurements of three belly slices of each treatment.
Analysis of chemical composition
The total protein content was analyzed by the Kjeldahl method, using the conversion factor of 6.25 (Association of Dfficial Analytical Chemists, 2005) . The extraction of fat was carried out in a Soxhlet apparatus using petroleum ether. The moisture was determined by the drying method at 105 °C to constant weight and the ash content was determined by incinerating oven method at 550 °C (Association of Dfficial Analytical Chemists, 2005) .
Analysis of backfat thickness
The determination of the backfat thickness was performed by a commercial methodology suggested by Elanco Company of Brazil. The thickness of backfat was obtained using a caliper, measuring at two different points from 4 bellies of each treatment; the first point of measurement by the 7th intercostal space and the second measuring point in the intercostal space anterior to the diaphragm insertion (Figure 1 ).
Analysis of fatty acid profile
Samples of the fat (subcutaneous adipose tissue) from bellies containing three layers of fat formed during the animal growth (between 6 th and 7 th ribs; Figure 1 ) were carefully removed and homogenized for fatty acids analysis according to Hartman & Lago (1973) . The identification of the peaks was verified by comparison with the retention time of standard methyl esters of fatty acids. The area of each peak of fatty acids was represented as percentage of the total area. The iodine value (IV) of the fatty acids was analyzed using Equation 1 (American Dil Chemists Society, 1998). 
Statistical analyzes
The 2 × 3 factorial design with randomized block design was used to analyze the belly quality results (pH, meat color, fat color, chemical composition, backfat thickness and fatty acids profile from fat). The statistical model included the main effects of adding two levels of ractopamine in the diet (0 vs 7.5 ppm) and three genders (barrows vs immunocastrated vs gilts), in addition to the interaction between the main effects (ractopamine and gender), in a factorial arrangement in blocks of the two genetic lines (Agua Branca and Bressiani) under different conditions of production, diet, management and slaughter. In case of significant interactions (P < 0.05) using ANDVA analysis, we proceeded to the Tukey's test for multiple comparison of means. The statistical analyzes of data were performed using Statistica 7 (StatSoft, 2004) .
Results and discussion
The results for pH showed no significant difference (P > 0.05) for the effects of gender and addition of ractopamine in the diet, as shown on Table 1 . These results favor the addition of ractopamine in pig diets, considering that the use of β agonists could cause a high level of stress to the animal and develop PSE meat (Pale, Soft and Exudative) or stimulate glycolysis, thereby promoting ante-mortem muscular glycogen consumption, resulting in accumulation of lactic acid in the carcass after slaughter (Boler et al., 2010) , which would be detected by a pH decrease, not observed in the present study.
The addition of ractopamine in the diet also showed no significant difference (P > 0.05) for all objective color parameters (L*, a* and b*) analyzed as shown on Table 1 . Similar results to this study were obtained by Apple et al. (2007) , who found no significant difference in meat color and fat color in the bellies of pigs receiving 0 and 10 ppm of ractopamine in the diet. Leick et al. (2010) , analyzing bellies from pigs that received 0 and 5 ppm of ractopamine, did not observe any changes in the fat color parameters L *, a * and b * with the addition of ractopamine; similar results were also found by Carr et al. (2005) .
For the color of belly meat as influenced by gender (Table 1) , it was observed that bellies of physically castrated and immunocastrated pigs showed lower values for the meat color parameter a* compared to the belly from gilts, a fact which, according to Carr et al. (2005) , indicates low levels of oxymyoglobin present in the bellies, possibly due to the dilution effect caused by hypertrophy of muscle fibers. The color of the belly fat from physically castrated animals that did not receive ractopamine in the diet showed the lowest L* value, therefore darker compared to gilts; however, the belly fat color of immunocastrated animals did not differ from barrows and gilts). Tables 2 and 3 present the results for the chemical composition of the bellies. Gender showed significant differences (P < 0.05) for total proteins and total lipids contents. Table 2 shows the comparison of means among genders for the contents of proteins, lipids, moisture and ashes. The bellies from immunocastrated pigs had lower lipid content and higher protein content than castrated barrows, in this case as result of the metabolism of increasing fat deposition due to (Rikard-Bell et al., 2009) , an important positive result of the immunological castration technique towards obtaining leaner meats. Barrows which had received ractopamine in the diet had higher protein contents compared to animals that did not receive ractopamine, although ractopamine fed animals had similar protein contents regardless of gender (Table 3) , which is also considered a positive combined effect of the immunocastration and ractopamine techniques, towards better swine belly characteristics. Scramlin et al. (2008) found higher moisture content and lower content of lipids for gilts compared with barrows with different levels of ractopamine (0, 5 and 7.4 ppm) in the pigs diet. In the same research work, gilts have also shown higher amount of lean meat on bellies, by the analysis of the area of belly slices using Adobe Photoshop, with the result also reflected on the chemical composition.
The analysis for the thickness of belly backfat showed significant differences (P < 0.05) only by gender, as shown on Table 2 . The bellies of the gilts showed lower backfat thickness compared to the bellies of immunocastrated pigs, even though immuncastrated pigs showed lower lipid content of their bellies than castrated ones. However, Correa et al. (2008) found thinner bellies of gilts of the genetic Duroc x (Landrace x Yorkshire) compared to the bellies of barrow animals. For the present study, no differences were found between the two genetic from different commercial farms studied, possibly considering that the Duroc x Landrace crossbred being present in both genetic lines investigated. Ferreira et al. (2011) reported that there was a reduction in the thickness of gilt and barrow belly backfat with the addition of up to 15 ppm of ractopamine in the diet. Several authors reported decreased deposition of fat in the carcass of swine fed ractopamine (Mimbs et al., 2005) ; however, there is still no consensus on whether this decline is due to the reduction of lipogenesis or increased lipolysis. Yet, no effect was found in the present study in the thickness of the belly backfat due to the addition of ractopamine.
The results of the fatty acid profile of the bellies as influenced by gender, ractopamine levels, interaction (gender and ractopamine) for the animals from the two farms studied are presented on Tables 4 and 5.
The bellies from immunocastrated pigs showed higher levels of polyunsaturated fatty acids (total PUFA), linoleic acid (C18I:2n6), linolenic acid (C18I:3n3), arachidonic acid (C20I:4n6), omega-3 (total n-3) and omega-6 (total n-6) and smaller palmitic acid content (C16I:0), compared to the bellies of castrated animals (Table 4 ). According to Furman et al. (2010) , high content of unsaturated fatty acids occurs in parallel with lower content of total lipids, because leaner pigs synthesize small amounts of fatty acids in the tissue causing an increase in the proportion of unsaturated fatty acids.
Bellies from gilt pigs showed lower concentration of saturated fatty acids (total SFA), myristic acid (C14I:0) and palmitic acid (C16I:0) compared to the bellies of barrow pigs (Table 4) . ab Means within the same row with different superscripts differ significantly at 5% level of significance for gender and ractopamine level. SEMI: Standard error of the mean of all treatments; CVI: Coefficient of variation; SFAI: sum of saturated fatty acids; MUFAI: sum of monounsaturated fatty acids; PUFAI: sum of polyunsaturated fatty acids. w Fatty acids were designated by the number of carbon atoms followed by the number of double bonds. The position of the first double bond relative to the methyl (n) end of the molecule. Houben & Krol (1983) suggest that adipose tissue of good nutritional quality should contain less than 15% of polyunsaturated fatty acids (total PUFA) and more than 12% linoleic acid (C18I:2n-6). The bellies of immunocastrated animals in the present study showed 15.7% of polyunsaturated fatty acids (total PUFA) and 14.7% linoleic acid (C18I:2n-6), values above the levels suggested by the authors.
The addition of ractopamine as main factor alone did not affect the fatty acid profile of the belly fat except for arachidonic acid (C20I:4n6), which showed the highest level for pigs that did not receive ractopamine in the diet (Table 4) . Shook (2006) suggests that in the ractopamine receiving phase, pigs would already have the outer fat layer formed and consequently this technology would have no major impact; the authors found no influence in the fatty acid profile due to the addition of 10 ppm of ractopamine for gilts and barrows. However, in a research using large amounts of ractopamine in the diet (20 ppm), decreases were observed in lipogenic enzymes and in the so called synthesis "de novo" of fatty acids (Mills et al., 1990) . The synthesis "de novo" of fatty acids occurs through a series of enzymatic reactions initiated by the presence of acetyl-coenzyme in the cytosol (Curi et al., 2001) .
Dther studies have shown that the genetic selection of swine animals has contributed a lot to a change in the degree of saturation of subcutaneous fat to less saturated forms (e.g. Scott et al., 1981; Cameron & Enser, 1991; Correa et al., 2008) . In the same line, the present study also showed that influence, since bellies of pigs from Bressiani farm (Agroceres PIC genetic) presented total polyunsaturated acid content (16.15% total PUFA) and iodine value (65.18) greater than the bellies of the pigs from Água Branca farm (Topigs genetic), indicating a higher concentration of fat beneficial to human health from the first ones.
Immunocastrated animals fed with ractopamine in the diet (combined effect) had lower levels of saturated fatty acids (total SFA) compared to the castrated barrow animals, which is considered an important result, considered as an improvement for a healthy human diet. Gilts fed with ractopamine in the diet had higher content of oleic acid (C18I:1n9) compared to the barrow pigs (Table 5 ).
For human food intake, the content of unsaturated fatty acids (total PUFA) omega-3 (n-3) and omega-6 (n-6) are important. However, high intake of omega-6 can adversely impact human health, resulting in excessive production of eicosanoids, which eventually could lead to hypertension, inflammation and risk for developing diseases (Curi et al., 2001) . The ratio between the total omega-6 (n-6) and the total omega-3 (n-3) in all groups of pigs investigated was higher than the recommended or generally accepted (4I:1) for pork meat (Wood et al., 2008) . The main source of fatty acids omega-3 (n-3) found was the linolenic acid (C18I:3n3), while the major fatty acids as sources of omega-6 (n-6) were linoleic acid (C18I:2n6), and arachidonic acid (C20I:4n6).
The ratio PUFAI:SFA in the diet is used as limiting risk parameter for cardiovascular disease in humans. All values obtained for the ratio PUFAI:SFA showed values close to the acceptable (≥ 0.4); except for the castrated animals (0.37) and for pigs from the Água Branca farm (0.36), which showed values lower than the nutritionally recommended (Furman et al., 2010) .
The iodine value showed significant influence (P < 0.05) due to gender (Table 4 ). The bellies of gilt and immunocastrated animals had higher iodine values compared to the bellies of barrow animals. The change in iodine value is mainly due to a decrease in the concentration of palmitic acid (C16I:0), myristic acid (C14I:0) and of the total saturated fatty acids (total SFA), which were observed in immunocastrated animals. The iodine value is a measure of the degree of unsaturation present in the fat and therefore can used as an indicator of fat firmness. The results obtained in the present study did not exceed the maximum of 70 for the iodine value, index usually accepted by the industry as standard and considered as a reference for the fat to be classified as high-quality (Lea et al., 1970) . The content of unsaturated fatty acids in the pig bellies is a major concern for the swine industry, since very soft bellies may become difficult for bacon slicing and cause the separation of fat from meat during slicing, and eventually may increase oxidation rate (National Pork Production Council, 1999) .
Conclusion
The addition of ractopamine did not influence the thickness of belly backfat, contrasting with the gender for the two genetic lines investigated from the different commercial farms which resulted in significant differences. The bellies of the gilt pigs had lower backfat thicknesses, result already expected since female pigs are lighter animals than barrow and immunocastrated males.
The pH, meat color and fat color of the bellies were not affected by the addition of ractopamine, however, the two genetic ab Means within the same row with different superscripts differ significantly at 5% levels of significance for gender; xy Means within the same column with different superscripts differ significantly at 5% levels of significance for ractopamine level; w Fatty acids were designated by the number of carbon atoms followed by the number of double bonds. SFAI: sum of saturated fatty acids; MUFAI: sum of monounsaturated fatty acids; SEMI: Standard error of the mean of all treatments.
lines from the different commercial farms had some effect on meat color and fat color, otherwise not expected.
The addition of 7.5 ppm of ractopamine in the diet only decreased arachidonic acid content (C20I:4n6). The content of total poly-unsaturated fatty acids (total PUFA), linoleic acid (C18I:2n6), linolenic acid (C18I: 3n3), arachidonic acid (C20I: 4n6), omega-3 (total n-3) and omega-6 (total n-6) were higher for immunocastrated animals and less palmitic acid content (C16I:0) as compared to the bellies from physically castrated barrow animals. The results suggest that the technique of immunocastration provides a fatty acid profile of good nutritional quality, indicated by the ratio PUFAI:SFA greater than 0.4. The results for immunocastrated pigs indicate that this technology can be used as an alternative for the substitution of surgical castration, which also contribute to a lower level of stress for male pigs.
